ABSTRACT Adult Colorado potato beetle, Leptinotarsa decemlineata (Say), recruitment on potato plots by ßight or by walking occurred throughout the 1991Ð1993 crop seasons. Most recruitment occurred by walking. Yearly recruitment by ßight ranged from 9.5 to 49.4%. It is suggested that the proportion of recruitment occurring by ßight is determined largely by environmental factors such as air temperature and solar radiation. The presence of well-developed ßight muscles is necessary for ßight but was not a limiting factor until late August and even then only for part of the population. The proportion of beetles with developed thoracic muscle masses, developed ovaries, high abdominal fat content levels, and sperm in the spermatheca did not signiÞcantly differ between beetle populations recruited by ßight or by walking but did differ between the overwintered and summer groups. A signiÞcant proportion of beetles that colonized potato plots by ßight emigrated from the plots by walking on the same day throughout each crop season. This suggests that most beetles use both ßight and walking to disperse throughout the day depending on the "task" and environmental conditions. A large proportion of summer adults in prediapause condition retain the ability to disperse by ßight when conditions are appropriate such as in 1991 in this study. Results conÞrm that potato beetle recruits counted on plants or collected in ground traps have an overall 0.41 sex ratio but those collected in ßight traps have a 0.52 sex ratio. There was no indication that the sex ratio plays a signiÞcant role in determining the relative contribution of walking and ßight to recruitment. A diapausing switch in early August responsible for prediapausing conditions in the summer population of beetles occurs in New Brunswick. The switch did not entirely prevent dispersal to the crop by ßight as reported elsewhere for more southern locations.
THE COLORADO POTATO beetle, Leptinotarsa decemlineata (Say), is the most destructive defoliating insect of the potato crop in Canada (Howard et al. 1994) and in the United States (Radcliffe et al. 1991) , and is spreading throughout more of the world (Jolivet 1991) . In most of Canada and part of northeastern United States the Colorado potato beetle is univoltine (Howard et al. 1994) . Adult beetles overwinter in the soil in the Þeld itself or in the surrounding grass or woody land. The overwintered beetles emerge in May and June to colonize the potato crop as it cracks the ground (Gibson et al. 1925) . Egg masses of the summer population are deposited on the plants almost immediately and hatch into the Þrst of four larval instars. The late fourth instar burrows into the soil where pupation occurs. Summer adults emerge at the very end of July or in early August. Most summer adults feed voraciously to prepare for overwintering and soon move into the soil or disperse to the surrounding areas to overwinter. The phenology of the movement of the Colorado potato beetle during its life cycle has been conceptualized by Ferro et al. (1991) and Weber et al. (1995) for a two-generation system in Massachusetts. According to this model, overwintered beetles will use walking or long distance ßight to colonize potato Þelds depending on the distance separating the overwintering site from the Þelds. During the growing season, beetles would rely on a combination of long range ßight, trivial ßight, and walking to locate mates, distribute eggs within a Þeld, (Ferro et al. 1991) , and leave a suboptimal host patch (Boiteau 1986 ). Summer generation adults emerging before the diapause switch use a combination of trivial ßight, diapause ßight (Ferro et al. 1991) , and walking to move among the crop and Þnd overwintering sites. Summer adults emerging after the diapause switch would rely only on walking to move within the crop and Þnd the overwintering sites.
The relative use of ßight and walking for dispersal by the Colorado potato beetle is affected by the geographic location and the production practices. In North Carolina where the potato crop is produced in the spring before the main crop of corn or wheat, French et al. (1993) concluded that most of the Þeld colonization is by beetles walking from the overwintering sites to the potato crop, creating strong edge effects. In Maine and Massachusetts, Weber et al. (1995) observed that the accumulation of adult beetles at the edge of plots was more frequent in plots near overwintering sites than in plots distant from the overwintering sites. They concluded that walking is likely responsible for more of the colonization in Þelds near overwintering sites. This is based on the assumption that beetles entering a Þeld by ßight would not accumulate at the edge of the Þeld.
The initiation of ßight by Colorado potato beetles requires high temperature or a combination of warm temperature and high solar radiation (Termier et al. 1988) . The generally cooler climate of potato growing regions with only one beetle generation per season, such as New Brunswick, should produce fewer opportunities for beetle ßight initiation than those with two generations per season, such as North Carolina or Massachusetts. The long range ßight could be shorter and less frequent. Long range and diapause ßights are much less frequent than trivial ßights in the two generation systems and could be even less in a one-generation system. Although the importance of walking for the dispersal of the Colorado potato beetle has been recognized (Caprio and GraÞus 1993 , detailed information on recruitment is available mostly for ßight.
Morphological parameters of the beetles could also have an effect on the ability of the beetles to disperse by ßight or by walking. For example, it has been suggested that the level of ovarian development of the female beetles could modulate their propensity to disperse by ßight (Ferro et al. 1991 , Weber et al. 1995 , Alyokhin and Ferro 1999 . The sex of the beetle (Alyokhin and Ferro 1999) and the level of development of the thoracic muscles, an indicator of diapause (Ferro et al. 1991) , have all been shown to have some inßuence on beetle dispersal.
The Þrst objective of this study was to quantify the relative role of walking and ßight in beetle recruitment throughout the potato growing season. The second objective was to determine if the use of walking or ßight for dispersal can be attributed to anatomical or physiological differences between walkers and ßy-ers.
Materials and Methods
Field Plots. Potato plots, ÔRusset BurbankÕ, were established at the Potato Research Center Agriculture and Agri-Food Canada, Fredericton, NB, in the summers of 1991, 1992, and 1993 . Plots consisted of four rows, 3 m long planted 0.91 m apart. Barriers consisting of plastic lined trenches were placed around some of the plots. The plastic-lined trenches were developed to prevent the colonization of commercial Þelds by adults walking from the overwintering sites into the new crop. Their high level of effectiveness at catching and retaining walking beetles (Misener et al. 1993 , Boiteau et al. 1994 made it possible to use them experimentally in this study to control and measure recruitment by walking. The setup provided three estimates of beetle recruitment on potato plots: recruitment by both walking and ßight (beetle counts in plots without barriers), recruitment by walking (beetle counts in trench outside plots), and recruitment by ßight (beetle counts on plants from plots surrounded by trenches). A second trench-barrier placed between the plants and the outside plastic-lined trench provided an estimate of the proportion of beetles ßying in the plots that emigrate by walking. In 1991, plots with barriers were surrounded by a trench, 30 cm wide at the top and 30 cm deep, dug by hand with the inner slope at 90Њ and the outer slope varying from 45 to 50Њ. Between the plastic-lined trench and the potato plants (0.91 m from the plants and 0.3 m from the trench), a continuous pitfall trap made up of plastic gutter was dug level with the soil and Þlled with a mixture of water and antifreeze in equal parts. In 1992, the plots were of the same dimensions but surrounded by two plastic lined trenches. The inner trench was 0.91 m from the plants and abutted the outer trench. The inner trench was used to replace the wet pitfall trap from the 1991 setup. All trenches were V-shaped with a width of 74 cm at the top and a depth of 22.3 cm. In 1991, there were Þve plots on land where there had not been potatoes in the previous year. These plots, 4 m apart, were situated in a line parallel to the edge of a potato Þeld 90 m away. Two of the plots had no trenches or pitfall traps. In 1992 and 1993, six plots were set up in a row, 4 m apart, alternating plots with trenches and plots without trenches to create three replicates of each. No potatoes had been grown in this land the previous year, but potatoes were grown on the land on the side of the plots the year before and the year of the test. Plots were monitored daily. Adults and egg masses were counted and removed from plants or from the traps.
Flight Traps. The seasonal changes in the ßight frequency of Colorado potato beetles in the adjacent potato Þelds was recorded using impact traps similar to those used by Zehnder and Speese (1987) . There were 10 traps in 1991, 1992, and 1993 . The traps were located in two rows on either side of the potato plots Ϸ3 m from the plants. The orientation of the traps alternated northÐsouth and eastÐwest within each row of traps. The inßuence of orientation on the abundance of the beetles in the traps is not considered in this manuscript. Traps were emptied daily.
Anatomical and Physiological Characteristics. Beetles taken from the plants or the traps were placed in plastic bags and stored in the freezer. Subsamples of beetles were dissected to determine if a relationship existed between their mode of dispersal and sex, thoracic muscle mass, ovarian development, mated status or abdominal fat content. Sample dates were selected to be representative of seasonal ßuctuations and according to available personnel. See Fig. 1 for the actual weeks sampled. Dissections were carried out under water using the procedure of Pavlovski (1957, pp. 1Ð 86) . The sex of the adults was determined externally according to Rivnay (1928) , or by dissection. The thoracic muscle mass, composed mainly of ßight muscles (May 1989) , was teased out and dried in an oven at 60ЊC for 24 h. The thoracic muscle mass and the rest of the body were weighed separately. The ovarian development was indexed as follows: (1) In a separate experiment, dissections were carried out to establish the relation between the level of development of the thoracic muscles and the diapausing state of the adult beetles. Preliminary dissections of 10-to 15-d-old nondiapausing adult beetles from a colony raised at 25ЊC with a photoperiod of 16:8 (L:D) h (Ϸ10) and diapausing ones (Ϸ10) kept in moist vermiculite Þlled cups (Ϸ25 beetles/cup) in a chamber at 5ЊC with a photoperiod of 0:24 (L:D) h were done to qualitatively evaluate the difference in muscle development. The diapausing adults were taken out of the cold chamber and vermiculite and placed in a cage (16:8 [L:D] h) where water was available. Every day after, a few beetles were removed and frozen for subsequent dissection. This experiment was repeated two times. We also determined the mass of the muscles inside the thoracic cavity of Þve diapausing female beetles and Þve nondiapausing female adults. The muscles were classiÞed according to their volume, appearance, and the space between the Þbers. Level 1 was typical of the diapausing beetles, with small and very fragile muscles. Level 5 was typical of the nondiapausing beetles, with large and stiff muscles without space between the bundles. The intermediate level (3) was characterized by muscles half the volume of those at level 5, not as fragile as the muscles of level 1, and with some space between the Þbers. Levels 2 and 4 were intermediate between levels 1 and 3, and 3 and 5, respectively.
Statistics. Daily beetle counts for each plot were pooled weekly and a general linear model (GLM) procedure and a least signiÞcant difference (LSD) means separation test were applied to the data (SAS Institute 1990). Counts on plants in plots with and without trenches could be compared among themselves. However, trench counts could only be compared within themselves, between weeks, or between years because they do not represent the same sampling intensity as plant counts. The thoracic muscle mass in milligrams or as a percentage of the total mass was compared among treatments for the overwintered and summer populations over 1992 and 1993. The percentage of females mated in a replicate of a treatment was summed for the overwintered and summer populations over 1992 and 1993. An arcsine transformation was applied to the percentage data but untransformed values are shown in the tables and Þgures. A similar analysis was performed on the data from the beetles caught in the impact traps.
Sex ratios are best expressed as the number of males per 100 individuals or as the number of males per 100 females (Spector 1956 ). Here, the sex ratio is expressed as a proportion of males. The proportion of males reported exclude data in which less than Þve Colorado potato beetles were collected in a replicate of a treatment over the period when the overwintered or summer population was present. The values for these periods were the sums of the corresponding weekly counts. As the proportion of males, as opposed to the number caught, is of interest in these sets of analyses all treatments can be compared. A student t-test or a GLM procedure and an LSD means separation test were applied to the data (SAS Institute 1990). An arcsine transformation was applied to the percentage data but untransformed values are shown in the tables and Þgures. The chi-square values were calculated and the probability of these chi-square were calculated using Microsoft Excel 97 (Microsoft 1997) on the sum of the male and female Colorado potato beetles caught in each treatment in each population in each year, to test if the sex ratio was different from a 0.5 ratio. No sex determinations were made in the outer trench, inner trench, plants with trenches, and plants without trench treatments in 1991.
Results

Seasonal Dynamic of Recruitment by Walking and
Flight. In 1991, adult beetles colonized the potato plants in plots with and without trenches in signiÞ-cantly greater abundance in mid June than at any other time during the growing season ( Fig. 1 dÐf) . Beetle recruitment remained abundant throughout the Þrst 3 wk of July, dropped and peaked shortly in mid-August. In 1992, the abundance of dispersing beetles on plants was low with no peak until July and in late August to early September. In 1993, the abundance of the beetles dispersing was intermediate between 1991 and 1992 with a period of low abundance in mid-July, between the overwintered and summer populations of adults. A massive peak of abundance occurred in late August to early September. This peak was caused by massive emigration of beetles from surrounding Þelds that had been top-killed.
In 1991, plots colonized by ßight alone (plots with trenches) displayed a level of recruitment signiÞ-cantly lower than for those colonized both by walking and ßight (plots without trenches) for most weeks (Fig. 1d) . Walking colonizing activity was high in mid-June but dropped sharply and did not recover thereafter even during the peak of the summer population. The seasonal walking activity pattern away from the colonized plots (inner trench catches) was similar to that for beetles coming in (outer trenches catches), but occasionally signiÞcantly less (Fig 1a) . In 1992 and in 1993, beetle recruitment in the plots colonized by walking and ßight was consistently higher and occasionally signiÞcantly higher than that in plots colonized by ßight alone. Average weekly recruitment on plants surrounded with trenches, that is recruitment by ßight, was 53.2, 27.7, and 6.5% of total recruitment on plants colonized by ßight and walking in 1991, 1992 and 1993, respectively (Fig. 1 dÐf) . The same calculations based this time only on the weeks when recruitment was significantly different between the two treatments showed 31. 1, 18.2, and 6.3% in 1991, 1992, and 1993, respec- tively. The proportion of the beetles colonizing by ßight was similar for the overwintered and summer populations in 1991 (overwintered 29.60 Ϯ 2.44%, summer 32.93 Ϯ 11.02%, t ϭ 2.7765, df ϭ 3, P ϭ 0.7223) but was more important for the overwintered than the summer populations in 1992 (overwintered 22.82 Ϯ 8.42%, summer 11.17 Ϯ 0.58%, t ϭ 3.1824, df ϭ 4, P ϭ 0.3340) and 1993 (overwintered 12.66 Ϯ 4.58%, summer 5.49 Ϯ 0.39%, t ϭ 2.5706, df ϭ 4, P ϭ 0.4570) although not signiÞcantly so. The beetles that ßew in the plots but left walking and were caught in the inner trenches were not included in these calculations because emigration from the plots without barriers was not measured.
Muscle Mass and Flight Recruitment. The average ßight muscle mass per beetle estimated by the thoracic muscle mass and the percentage of total beetle mass was generally smaller for the summer population than for the overwintered population and frequently signiÞcantly so across treatments and years (Table 1) . Beetles caught in ßight in window traps had a significantly higher thoracic muscle mass or percentage of total body mass than beetles collected from any of the other treatments, except for the overwintered population of 1993 where there were no signiÞcant differences between any of the treatments. Other signiÞ-cant differences between treatments were not consistent between beetle populations or years.
Muscles from samples of known diapausing and nondiapausing laboratory beetles weighed, respectively, 1.1Ð1.7 and 3.6 Ð5.7 mg or 1.9 Ð2.7 and 8.4 Ð10.9% of the total body mass. Using the midpoint between the upper range for diapausing beetles and the lower range value for nondiapausing beetles (2.7 mg) as an arbitrary maximum muscle mass for diapausing beetles, it was possible to determine the proportion of weekly recruits with a muscle mass characteristic of nondiapausing beetles (Fig. 2) . The proportion of beetles with a muscle mass characteristic of nondiapausing beetles averaged 93.3 Ϯ 1.6%, throughout June and July 1992 but was more variable in 1993, averaging 78.5 Ϯ 7.9%. The proportion of the summer population recruits became lower throughout August but remained above 40%, averaging 68.7 Ϯ 9.3% and 44.9 Ϯ 2.8% in 1992 and 1993, respectively.
Dissections (Ϸ180) revealed that the thoracic muscles of diapausing beetles can be easily distinguished from those of postdiapausing beetles. Dissections of beetles taken out of diapause daily over a 15-d period showed that the proportion of beetles with fully developed or developing muscles remained below 30% for the Þrst 4 d and reached 80% by day 11 (Fig. 3) . Developing or fully developed muscles (levels 3, 4, and 5 of our index) were present as early as day 1.
Physiological Indices and Recruitment. Ovarian Development. Average ovarian development was signiÞcantly lower for the summer population of 1992 and 1993 than for the overwintered population ( Table  2 ). The relative ovarian development for each treatment for 1992 was not consistent with that for 1993. For example, beetles caught in window traps in 1992 had a low ovarian development but they had highest level of development in 1993. It does not seem that the level of ovarian development can be linked directly with the mode of dispersal used by the beetles. Average ovarian development increased steadily between mid June and early July when peak egg laying tends to occur but dropped sharply in August with the summer population (Fig. 4) . This is further conÞrmed by the increase in the proportion of ovarioles of type 5 and 6 (with eggs) in late June and throughout July and its decline with the summer population (Fig. 4) .
Abdominal Fat Content. The average fat content of the beetles differed signiÞcantly between overwintered and summer populations in 1992 but less in 1993 (Table 2) . It was lowest in the overwintered population of 1992. Like for the Þeld plots, beetles caught in the impact trap tend to have a higher fat content if they are of the summer population ( Table 2 .) The ßuctuations in the amount of fat in the abdominal cavity throughout the 1992 and 1993 crop season were minimal with a slight tendency to increase in the latter part of August (Fig. 4) .
Mating Status. The percentage of mated females was not different between treatments but differed significantly between populations for some treatments (Table 3). The 81.02 Ϯ 6.30% of mated females in the overwintered population of 1992 was similar to the 78.19 Ϯ 15.20% of the summer population, but the 63.49 Ϯ 9.89% of mated females in the overwintered population of 1993 was signiÞcantly higher than the 23.73 Ϯ 0.00% of mated in the summer population. The weekly proportion of mated females in the overwintered population of 1992 was close to 100% for all of June and dropped in July, whereas it dropped to Ͻ60% earlier on in 1993. Again, with the summer population, close to 100% of the female beetles were mated early in 1992 but only some 30% throughout 1993 (Fig. 4) . Sex Ratio of Recruits. The proportion of males in the beetles counted on plants and in trenches over 1992 and 1993 was 0.41 (range, 0.40 Ð 0.45), signiÞcantly female skewed ( 2 ϭ 516.4249, df ϭ 1, P Ͻ Ͻ 0.0001). The proportion of males caught in the window traps from 1991 to 1993 was generally male skewed but usually not signiÞcantly different from 0.50 (Table 4 ). The sex ratio was signiÞcantly Ͻ0.50 across populations and years for those collected from plants without trenches (walkers and ßyers) and outer trenches (walkers). Results obtained from the other treatments varied without any distinct pattern between populations and years.
Discussion
Seasonal Dynamic of Recruitment by Walking and
Flight. The population dynamics of the Colorado potato beetle on potato in New Brunswick is characterized by a rapidly increasing abundance of the overwintered beetles on the crop as it cracks the ground, with a peak in late June followed by declining abundance throughout July (Boiteau 1986 , Boiteau 1988 ).
There are few adults in the last week of July and the Þrst week of August, but the population builds up rapidly throughout August with a peak in mid-to late August as the summer adults emerge (Howard et al. 1994 ). This study shows that the phenology of recruitment by ßight alone as well as walking and ßight considered together parallels that of its population dynamics. However, the relative importance of ßight in recruitment in any given year or for any overwintered or summer population will vary considerably. In this study it ranged between 6.5 and 53.2%. Flight in the Colorado potato beetle is largely determined by air temperature and solar radiation. The greatest number of ßights occurs in the 20 Ð30ЊC range (Wegorek 1959 , Johnson 1969 , Termier et al. 1988 , with a minimum ambient temperature of 15ЊC (Caprio 1987) . The beetle can ßy at the lower end of the temperature range but high frequencies of ßight activity have only been recorded when temperatures reach the upper range coupled to a high level of insolation (LeBerre 1950). However, walking can occur at temperatures as low as 12Ð14ЊC (Wegorek 1959) . The relative importance taken by ßight in beetle recruitment may depend largely on air temperature. In August, the increasing proportion of beetles entering into a diapause state reduces the number of individuals capable of ßight but insolation and temperature will determine if the remaining beetles will disperse by ßight or by walking. The absence of systematic difference in the level of recruitment to potato plants by ßight between overwintered and summer beetles further suggests that there is no intrinsic differences in ßight ability between these two groups of beetles. The high level of ßight recruitment in 1991 (Fig. 1) could have resulted from these environmental factors or from the relative isolation of the plots from the nearest overwintering sites and potato Þelds (Ϸ90 m in 1991 versus 10 m in 1992 and 1993). It has been suggested that recruitment by ßight is more likely when overwintering sites are distant from the host plant (French et al. 1993) .
Overall, the results show that the changes between years in the relative contribution of ßight and walking to Þeld recruitment depend very little on changes in the intrinsic ability of beetles to ßy. These changes are more likely to depend on the inßuence of spring and autumnal temperatures and solar radiation, and on the distance between overwintering sites and Þelds. Ferro et al. (1991) states that it is clear that ßight plays an important role in Þnding host plants after winter diapause, but may be limited for summer beetles that have to feed before they can ßy. In the one-generation environment of New Brunswick the role of ßight recruitment for summer adults did decrease in late summer, yet it remained more important than in the twogeneration environment of Massachusetts. The abundance of beetles trapped in the inner trench after they ßew in the plots suggest that although beetles may use ßight to Þnd host plant patches, they use walking frequently to redistribute within or among the plants. This observation demonstrates that beetles that ßew to host plants can within the same day use walking to redistribute. This is additional evidence that beetles are not either ßyers or walkers but both. Beetles use the two modes of dispersal depending on the task and the environmental conditions. Muscle Mass and Flight Recruitment. Postdiapausing Beetles. Postdiapausing beetles must disperse to Þnd host plants on which to feed and lay eggs. We have established (unpublished data) that diapausing beetles taken out of the soil and placed under nondiapausing conditions in a laboratory require 1Ð2 wk before they become active enough to resume feeding. We report here that under similar conditions, after 1 wk Ϸ60% of the beetles showed developed muscles and after 2 wk some 80% (Fig. 3) . In nature, it is likely that this period is spent mostly underground and that by the time beetles break the ground, the thoracic muscles are fully functional in most beetles. This supports the observations of de Kort (1969) and Stegwee (1964) who have shown that the thoracic muscle mass of Colorado potato beetles coming out of diapause is restored within 1 d once beetles have lost their drive to burrow in the soil. Additional observations in the laboratory also suggest that postdiapausing beetles do not resume their normal level of dispersal activity until the thoracic muscle mass has been reactivated. The average thoracic muscle mass of Colorado potato beetles in this study varied between years and between post-and prediapause groups. May (1989) indicated that most thoracic muscles consist of ßight muscles and showed that in a mature male they account for 9 Ð10% of the total dry mass, which is similar to the Þgures obtained in this study for overwintered adults.
Summer Beetles. The enzymatic degeneration of the thoracic muscles of diapausing summer Colorado potato beetles is responsible for a visible loss in volume and in mass (Table 1 ). According to our data the thoracic muscle mass typical of nondiapausing beetles is reduced by 70% when they become diapausing. According to the model proposed by Ferro et al. (1991) and Weber et al. (1995) , New Brunswick summer beetles that begin emerging in early August, at the time of the diapause switch, should have been largely characterized by degenerated thoracic muscles with a correspondingly reduced ability to disperse by ßight. In fact, the proportion of New Brunswick summer beetles with the muscle mass of nondiapausing beetles remained above 60% throughout August 1992 and declined below 60% only by the third week of July in 1993. These observations suggest that the degeneration of the thoracic muscles, including the ßight muscles, is not affected to the same extent as the reproductive system (see below) by the diapause switch proposed by Ferro et al. (1991) . It is stated by May (1989) that ßight muscles constitute the bulk of the thoracic muscles. However, considering the reliance of the Colorado potato beetle on walking, one would expect that a signiÞcant proportion of these muscles would be used for walking. Perhaps some are bifunctional as in some other species (Wilson 1962) . Regardless, the need for the Colorado potato beetle to disperse between plants and between Þelds to feed for Ϸ3 wk as it prepares for overwintering after emerging would preclude an extensive degeneration of thoracic muscles. Using cumulative emergence data for the summer generation in Quebec (Mailloux et al. 1988) , and applying it to New Brunswick Colorado potato beetlesÕ average Þrst emergence date, it can be estimated that only 50% of the summer adults would have emerged by the beginning of the third week of August. New adults develop their thoracic muscle mass over a period of 1 wk or less in the laboratory at 25ЊC (May 1989) . Outdoors under the cooler and ßuctuating temperatures of August, development time would be increased. The mix of undeveloped muscles and fully developed ones as the new adults emerge and mature would create an overall lower proportion of individuals with muscle mass of 2.7 mg or more for the early summer population than in the overwintered population. The decreasing number of degree-days accumulating as the season ends would lead to an even lower proportion. It is not clear at which point in time the diapausing clues might start to prevent muscle development to a level that will prevent ßight. We are suggesting that for most of the duration of the summer population in New Brunswick, beetles are capable of ßight dispersal and that ßight muscle degeneration does not occur before the beetles reach the overwintering sites. In 2 yr of this study, between 40 and 60% of the beetles had a muscle mass greater than that characteristic of diapausing beetles and were presumably capable of ßight during the Þrst week of September. These beetles had either emerged before the diapause switch and remained on the potato crop or beetles emerged after the diapause switch do develop their muscle mass.
Physiological Indices and Recruitment. As expected, the overwintered adults showed overall greater ovarian development than the summer adults. As in Massachusetts, only summer adults emerging early in August will oviposit, resulting in an overall low mean ovarian development for the end of the season regardless of where the dispersing beetles were captured (Fig. 4) . The reciprocal was observed for fat content (Fig. 4) . The very low proportion of recruits in the third week and the Þrst week of August 1992 and 1993, respectively, with ovarioles containing one or more eggs indicate that the diapause switch proposed by Ferro et al. (1991) and Weber et al. (1995) for Massachusetts also occurs in New Brunswick and approximately at the same time of the cropping season. Although there were signiÞcant differences in ovarian development between treatments, the differences were not consistent between years. It seems that the populations of ßyers, walkers, and combinations of both created in this experiment consisted of individuals of similar ovarian development and fat content. In other words, it seems that ovarian development and fat content differences, even between populations, did not determine whether a beetle would walk or ßy. There is no indication that the ability to ßy is lost when the diapausing switch occurs.
The loss of ovarian development and thoracic muscle mass occurred much earlier in 1993 than in 1992. This may have resulted from an earlier end of the overwintered population and an earlier beginning of the summer population as suggested by the low level of recruitment taking place in mid-July 1993, compared with the high level of recruitment still occurring at the same period in 1992.
The data suggested that a majority of the female beetles dispersing after diapause may have been already mated such as in 1992, but that it was possible for almost 50% of the recruits to be unmated as they colonize the crop where they presumably mated. A similar variation was observed with the summer population. It is not known which proportion of the unmated recruits will mate before moving to the overwintering sites. Therefore, it was impossible to establish a relation between the proportion of mated recruits and the percentage of overwintering beetles that were mated.
Sex Ratio of Recruits. The female skewed sex ratio of many recruit populations observed in this study corresponds to a trend for the ratio of the overwintered and summer populations that serve as reservoirs for the recruitment. The emergence of adult overwintered Colorado potato beetles is fairly synchronous for males and females with no more than 2Ð3 d between males and females (Mailloux et al. 1988; C. Cloutier, personal communication) . The proportion of males in the total number of beetles that emerge from overwintering in the spring does not differ signiÞcantly from 0.50 according to C. Cloutier (personal communication) and Mailloux et al. (1988) although it ranges from 0.44 to 0.53, demonstrating a tendency for ratios skewed toward the females. There are no obvious differences in the sex ratio of spring (postdiapause) and Þrst-or second-generation summer adults emergence according to Mailloux et al. (1988) .
However, the 0.52 sex ratio of beetles caught in ßight over the duration of this study (Table 4) corresponds well to a ratio of 0.53 males for the total population of beetles caught in window traps reported by Zehnder and Speese (1987) , not signiÞcantly different from an even ratio. Voss and Ferro (1990b) observed a sex ratio in ßight traps that was signiÞcantly biased toward the males and concluded that males are more likely than females to ßy locally. Although the overall sex ratio for beetles in ßight was not signiÞ-cantly different from 0.5, sex ratios for each population/year tended toward a male skewed ratio. If the sex ratio of the beetle population in ßight reßected that of the reservoir populations it should be decidedly even or female skewed, not with a male skewness. There are many reasons why ßight might be skewed toward males. Voss and Ferro (1990b) suggested that males make more trivial or local ßights than females because window traps sample mostly beetles involved in local ßights (Voss and Ferro 1990a) . Male Colorado potato beetles, being on the average smaller than females (Tower 1906) , could reach body temperatures suitable for ßight take-off faster and more frequently than females. Recruits found on plants surrounded by trenches, so that they would be colonized only by ßight, and beetles caught in the inner trench surrounding the same plot showed a signiÞcantly female skewed ratio, contrary to the even or male skewed ratio for beetles in ßight. Therefore, it seems that more males than females took off from these plants after colonizing them. The overall greater ßight activity of males and the greater residency time of females on plants as they look for suitable host plants on which to oviposit could be responsible for the female skewness of the sex ratio for resident beetles. Alyokhin and Ferro (1999) showed in the laboratory a signiÞcant decreased ßight activity of the females and a signiÞ-cantly increased ßight activity of the males after mating. Weber et al. (1995) also reported that the sex ratio of Colorado potato beetles recruited to plants is generally biased toward a greater proportion of females. The sex ratio of beetles on plants accessible by ßight and walking was signiÞcantly skewed toward females for the reasons given above and because ßight recruits (male skewed) represented only a small proportion of recruits in 1992 and 1993. The sex ratio of beetles caught in the outer trenches was also signiÞcantly skewed toward females. In 1992 and 1993 in New Brunswick the ground population of beetles had a sex ratio skewed toward the females. Sex ratios for the different treatments, except window traps, were signiÞcantly different or tended to be different from an even ratio for most combinations of populations and years. Overall, results from this study and others in the literature do not suggest that the sex ratio of the Colorado potato beetle population changes sufÞ-ciently to play a major role in determining the relative contribution of walking and ßight in beetle recruitment on potato.
The 3-yr experiment could not establish consistent differences in the relative use of ßight and walking by overwintered and summer beetles in New Brunswick. However, a higher number of the overwintered beetles tended to be recruited than that of summer adults (Fig. 1) , except late in the season when summer adults were forced to move by the top-killing of crop Þelds. This observation is in agreement with the previously recorded greater tendency of overwintered than summer beetles to disperse. Under New Brunswick conditions, beetles with a thoracic muscle mass characteristic of beetles capable of ßight were found throughout the season, suggesting that overwintering site selection can take place by ßight until late in the season. These data provide further evidence that the Colorado potato beetle life system provides it with the ßexibility required to thrive under a range of environments.
